Wang X, Smith GI, Patterson BW, Reeds DN, Kampelman J, Magkos F, Mittendorfer B. Testosterone increases the muscle protein synthesis rate but does not affect very-low-density lipoprotein metabolism in obese premenopausal women. Am J Physiol Endocrinol Metab 302: E740 -E746, 2012. First published January 17, 2012; doi:10.1152/ajpendo.00533.2011.-Men and women with hyperandrogenemia have a more proatherogenic plasma lipid profile [e.g., greater triglyceride (TG) and total and low-density lipoprotein-cholesterol and lower high-density lipoprotein-cholesterol concentrations] than healthy premenopausal women. Furthermore, castration of male rats markedly reduces testosterone availability below normal and decreases plasma TG concentration, and testosterone replacement reverses this effect. Testosterone is, therefore, thought to be an important regulator of plasma lipid homeostasis. However, little is known about the effect of testosterone on plasma TG concentration and kinetics. Furthermore, testosterone is a potent skeletal muscle protein anabolic agent in men, but its effect on muscle protein turnover in women is unknown. We measured plasma lipid concentrations, hepatic very low density lipoprotein (VLDL)-TG and VLDLapolipoprotein B-100 secretion rates, and the muscle protein fractional synthesis rate in 10 obese women before and after trandermal testosterone (1.25 g of 1% AndroGel daily) treatment for 3 wk. Serum total and free testosterone concentrations increased (P Ͻ 0.05) by approximately sevenfold in response to testosterone treatment, reaching concentrations that are comparable to those in women with hyperandrogenemia, but lower than the normal range for eugonadal men. Except for a small (ϳ10%) decrease in plasma high-density lipoprotein particle and cholesterol concentrations (P Ͻ 0.04), testosterone therapy had no effect on plasma lipid concentrations, lipoprotein particle sizes, and hepatic VLDL-TG and VLDL-apolipoprotein B-100 secretion rates (all P Ͼ 0.05); the muscle protein fractional synthesis rate, however, increased by ϳ45% (P Ͻ 0.001). We conclude that testosterone is a potent skeletal muscle protein anabolic agent, but not an important regulator of plasma lipid homeostasis in obese women. triglyceride; apolipoprotein B; muscle protein synthesis MEN HAVE A MORE PROATHEROGENIC plasma lipid profile, including greater plasma triglyceride (TG) and total and low-density lipoprotein (LDL)-cholesterol concentrations, lower high-density lipoprotein (HDL)-cholesterol concentration, and smaller HDL particles, than women (24, 25). Sex differences in the plasma lipid profile have traditionally been attributed to differences in the sex hormone milieu; particularly the availability of estradiol, but also progesterone. However, we and others have shown that changes in ovarian steroid concentration during the normal menstrual cycle (26) and after menopause (6, 23, 50) are not associated with changes in very-low-density lipoprotein (VLDL)-TG and VLDL-apolipoprotein B-100 (apoB-100) kinetics and concentrations that are consistent with the observed sexual dimorphism in VLDL metabolism (53). Furthermore, oral estrogen preparations given to women and men increase total plasma TG and VLDL-TG concentrations due to increased hepatic VLDL-TG secretion, and transdermal administration of 17␤-estradiol, which better mimics normal endogenous estrogen delivery, does not affect or only modestly decreases (by Ͻ10%) plasma TG concentration (53). Thus female sex steroids alone cannot explain the differences in the plasma lipid profile between men and women, and testosterone may be an important regulator of plasma TG homeostasis and VLDL metabolism. However, few studies have evaluated the effect of testosterone on plasma lipid metabolism and concentrations, and the results are equivocal (1, 7, 12, 18, 30, 44, 55) , most likely because many studies used synthetic androgen receptor agonists rather than testosterone per se, or used supraphysiological doses of testosterone (i.e., such as those given to female-to-male transsexuals), or evaluated the effects of testosterone therapy in men who already have high baseline testosterone availability. On the other hand, castration of male rats decreases plasma TG concentration, and testosterone replacement reverses this effect (47). Furthermore, women with hyperandrogenemia due to, e.g., the polycystic ovarian syndrome (PCOS) also have a more proatherogenic plasma lipid profile and increased plasma TG concentrations than healthy women; although PCOS is typically associated with body fat redistribution and central obesity and insulin resistance, i.e., factors that could affect plasma lipid concentrations, independent of testosterone availability (49, 56) .
triglyceride; apolipoprotein B; muscle protein synthesis MEN HAVE A MORE PROATHEROGENIC plasma lipid profile, including greater plasma triglyceride (TG) and total and low-density lipoprotein (LDL)-cholesterol concentrations, lower high-density lipoprotein (HDL)-cholesterol concentration, and smaller HDL particles, than women (24, 25) . Sex differences in the plasma lipid profile have traditionally been attributed to differences in the sex hormone milieu; particularly the availability of estradiol, but also progesterone. However, we and others have shown that changes in ovarian steroid concentration during the normal menstrual cycle (26) and after menopause (6, 23, 50) are not associated with changes in very-low-density lipoprotein (VLDL)-TG and VLDL-apolipoprotein B-100 (apoB-100) kinetics and concentrations that are consistent with the observed sexual dimorphism in VLDL metabolism (53) . Furthermore, oral estrogen preparations given to women and men increase total plasma TG and VLDL-TG concentrations due to increased hepatic VLDL-TG secretion, and transdermal administration of 17␤-estradiol, which better mimics normal endogenous estrogen delivery, does not affect or only modestly decreases (by Ͻ10%) plasma TG concentration (53) . Thus female sex steroids alone cannot explain the differences in the plasma lipid profile between men and women, and testosterone may be an important regulator of plasma TG homeostasis and VLDL metabolism. However, few studies have evaluated the effect of testosterone on plasma lipid metabolism and concentrations, and the results are equivocal (1, 7, 12, 18, 30, 44, 55) , most likely because many studies used synthetic androgen receptor agonists rather than testosterone per se, or used supraphysiological doses of testosterone (i.e., such as those given to female-to-male transsexuals), or evaluated the effects of testosterone therapy in men who already have high baseline testosterone availability. On the other hand, castration of male rats decreases plasma TG concentration, and testosterone replacement reverses this effect (47) . Furthermore, women with hyperandrogenemia due to, e.g., the polycystic ovarian syndrome (PCOS) also have a more proatherogenic plasma lipid profile and increased plasma TG concentrations than healthy women; although PCOS is typically associated with body fat redistribution and central obesity and insulin resistance, i.e., factors that could affect plasma lipid concentrations, independent of testosterone availability (49, 56) .
The purpose of our study, therefore, was to evaluate the effects of hyperandrogenemia on hepatic VLDL-TG and VLDL-apoB-100 secretion rates, the plasma lipid profile, and skeletal muscle protein synthesis rates in obese, premenopausal women. Our goal was to increase plasma testosterone availability, through transdermal testosterone delivery, to within the range observed in women with hyperandrogenemia due to PCOS (41, 49) . Obese women were chosen as study subjects because, in clinical practice, hypertestosteronemia (i.e., PCOS) affects predominantly obese women (4, 42) , and the metabolic abnormalities associated with hypertestosteronemia are more severe in obese than lean women (20, 42) . Because testosterone is a potent skeletal muscle protein anabolic agent in men, but its effect on muscle protein turnover in women is unknown, we also measured the muscle protein fractional synthesis rate (FSR) before and after testosterone treatment in our women.
METHODS

Subjects.
Ten obese, premenopausal women (age: 34.1 Ϯ 2.7 yr; body mass index: 36.4 Ϯ 0.9 kg/m 2 ; values are means Ϯ SE) volunteered for the study. All subjects completed a comprehensive medical examination, including a detailed history and physical examination, a resting electrocardiogram, standard blood tests, and an oral glucose tolerance test. None of the subjects had evidence of chronic illness or were taking medications known to affect lipid or protein metabolism. All subjects were sedentary (Ͻ1.5 h of exercise/wk) and had regular menses. Written, informed consent was obtained from all subjects before participation in the study, which was approved by the Institutional Review Board and the Center for Applied Research Sciences Scientific Advisory Committee of Washington University School of Medicine in St. Louis.
Experimental design. All subjects completed two lipid/protein metabolism studies: one before and one after testosterone administration for 3 wk (1.25 g of 1% AndroGel was applied transdermally after showering in the evening, which was expected to deliver ϳ1,250 g of testosterone daily, assuming an absorption rate of 10%). Before and on the last day of treatment, subjects were admitted to the Clinical Research Unit in the late afternoon, after having been instructed to abstain from exercise and alcohol consumption for 3 days. At 1900, they consumed a standard meal and then rested in bed and fasted (except water) until completion of the study the next day.
The following morning, at ϳ0530, a catheter was inserted into a forearm vein to administer stable isotope labeled tracers, and a second catheter was inserted into a contralateral hand vein, which was heated to 55°C by using a thermostatically controlled box, to obtain arterialized blood samples. Blood samples were obtained immediately before the administration of stable isotope labeled tracers (all purchased from Cambridge Isotope Laboratories, Andover, MA) to determine plasma substrate and insulin concentrations, serum testosterone concentration, and background glycerol, palmitate, and leucine tracer-to-tracee ratios (TTR) in plasma and in VLDL-TG and VLDLapoB-100, and ␣-ketoisocaproate (KIC) TTR in plasma. At 0700, a bolus of [ 5, 15, 30, 60, 90 , and 120 min, and then every hour for 10 h to determine glycerol, palmitate, and leucine TTRs in plasma and in VLDL-TG and VLDL-apoB-100 and ␣-KIC TTR in plasma. Muscle biopsies were obtained from the vastus lateralis, during local anesthesia (2% lidocaine), at 60 min and 240 min after the start of the tracer infusion to determine leucine TTR in muscle protein and the muscle free leucine pool.
Abdominal subcutaneous and visceral adipose tissue volumes were determined by using magnetic resonance imaging, and intrahepatic TG content was determined by using magnetic resonance spectroscopy (3T Siemens Magnetom Trio scanner; Siemens, Erlanger, Germany) before and at the end of the treatment period.
Sample collection and storage. Blood samples to determine serum testosterone concentration were collected in vaccutainers without additives. Blood samples to determine lipid concentrations and ␣-KIC, palmitate, glycerol, and leucine TTRs in plasma were collected in chilled tubes containing EDTA. To determine insulin and glucose concentrations in plasma, blood samples were collected in chilled tubes containing heparin. Blood samples were placed in an ice bath, and plasma was separated by centrifugation within 30 min of collection. Aliquots of plasma were kept in the refrigerator for immediate isolation of VLDL and measurement of plasma apoB-100 concentration; the remaining plasma samples were stored at Ϫ80°C until analyses were performed. VLDL was isolated from plasma by ultracentrifugation (27, 34) . Approximately 1.5 ml of plasma were transferred into OptiSeal polyallomer tubes (Beckman Instruments, Palo Alto, CA), overlaid with a NaCl/EDTA solution (1.006 g/ml), and centrifuged at 100,000 g for 16 h at 10°C in an Optima LE-80K preparative ultracentrifuge, equipped with a type 50.4 Ti rotor (Beckman Instruments). The top layer, containing VLDL, was removed by tube slicing (CentriTube slicer; Beckman Instruments). Aliquots of the VLDL fraction were used for measuring VLDL-apoB-100 concentration immediately after collection; the remaining samples were stored at Ϫ80°C until further processing and analyses.
Muscle tissue was rinsed in ice-cold saline immediately after collection, blotted dry, cleared of visible fat and connective tissue, transferred to sample storage tubes and submerged in liquid nitrogen, and then stored at Ϫ80°C until further processing and analyses.
Sample processing and analyses. Plasma concentrations of total TG, total cholesterol, HDL-cholesterol, and LDL-cholesterol were measured by standard hospital laboratory methods using a Hitachi 917 autoanalyzer (Hitachi, Tokyo, Japan). Plasma lipoprotein particle concentrations (VLDL and LDL in nmol/l and HDL in mol/l) and average lipoprotein sizes (particle diameter in nm) were determined by using proton nuclear magnetic resonance spectroscopy (LipoScience, Raleigh, NC), as previously described (25, 36, 37) .
Plasma glucose concentration was determined on an automated glucose analyzer (YSI 2300 STAT plus; Yellow Springs Instrument, Yellow Springs, OH). Plasma insulin concentration was measured by using an automated chemoluminescent immunoanalyzer (IMMULITE, Siemens Healthcare Diagnostic, Los Angeles, CA). Plasma free fatty acid (FFA) concentrations were quantified by gas chromatography (Hewlett-Packard 5890-II, Palo Alto, CA) after adding heptadecanoic acid to plasma as an internal standard (40) . Plasma apoB-100 and VLDL-apoB-100 concentrations were measured by using a turbidimetric immunoassay (Kamiya Biomedical, Seattle, WA). VLDL-TG concentration was measured by using a colorimetric enzymatic kit (Sigma-Aldrich, St. Louis, MO). Serum total and free testosterone concentrations were determined by liquid chromatography-tandem mass spectrometry at the Mayo Clinic (Rochester, MN). Plasma estradiol and progesterone concentrations were measured by using commercially available ELISA kits (Immuno-Biological Laboratories, Minneapolis, MN).
Plasma free glycerol, palmitate, leucine, and ␣-KIC TTRs, the TTRs of glycerol and palmitate in VLDL-TG, the TTRs of leucine in VLDL-apoB-100 and muscle proteins, and the TTR of leucine in the muscle free leucine pool were determined by using gas chromatography-mass spectrometry (MSD 5973 System, Hewlett-Packard), as previously described (19, 26 -28, 31, 34, 38 -40, 43) . Plasma free palmitate and palmitate in VLDL-TG were analyzed as methylesters. The heptafluorobutyryl derivative was formed for the analysis of glycerol in plasma and VLDL-TG, the N-heptafluorobytyryl n-propyl ester derivative was used for leucine in VLDL-apoB-100 and muscle protein, the t-butyldimethylsilyl derivative was used for free leucine in plasma and muscle, and the O-t-butyldimethylsilyl quinoxalinol derivative was used for ␣-KIC in plasma. The concentration of leucine in plasma was determined by adding a known amount of norleucine to each sample.
Calculations. The fractional turnover rates of VLDL-TG and VLDL-apoB-100 were determined by fitting the glycerol and leucine TTR time courses in plasma and in VLDL-TG and VLDL-apoB-100, respectively, to a multicompartmental model, as previously described (27, 34, 38) . The hepatic secretion rates of VLDL-TG (mol per liter of plasma per minute) and VLDL-apoB-100 (nmol per liter of plasma per minute) into plasma, which represent the amounts of VLDL-TG and VLDL-apoB-100 (i.e., VLDL particles) secreted by the liver per unit of plasma, were calculated by multiplying the fractional turnover rates of VLDL-TG and VLDL-apoB-100 (pools/min) by the concentrations of VLDL-TG (mol/l) and VLDL-apoB-100 (nmol/l) in plasma, respectively (27, 34, 38) . Palmitate and leucine rates of appearance (Ra) in plasma were calculated by dividing the palmitate and leucine tracer infusion rates by the average plasma palmitate and ␣-KIC TTR values between 60 and 240 min, respectively. Total FFA Ra in plasma was calculated by dividing palmitate Ra by the proportional contribution of palmitate to total plasma FFA concentration (32) . The relative contribution of systemic plasma FFA and nonsystemic fatty acids to total VLDL-TG production was calculated on the basis of isotopic dilution by fitting the palmitate TTR in plasma and in VLDL-TG to a compartmental model (23, 28, 34) . A dilution factor was derived, indicating the extent to which the plasma palmitate enrichment was diluted by unlabeled sources of palmitate before being incorporated into VLDL-TG. These unlabeled nonsystemic fatty acids in VLDL-TG are derived from pools of fatty acids that are not labeled with tracer during the infusion period, and include the following: 1) fatty acids released from preexisting, slowly turning over lipid stores in the liver and tissues draining directly into the portal vein; 2) fatty acids resulting from lipolysis of plasma lipoproteins that are taken up by the liver; and 3) fatty acids derived from hepatic de novo lipogenesis (21) . The remaining fatty acids in VLDL-TG (systemic plasma FFA) represent FFA from the systemic circulation that are taken up by the liver and directly incorporated into VLDL-TG or temporarily incorporated into rapidly turning over intrahepatic and intraperitoneal TG stores before incorporation into VLDL-TG.
The FSR of muscle proteins was calculated based on the incorporation rate of [5, 5, H3]leucine into muscle proteins by using a standard precursor-product model as follows: FSR (%·h Ϫ1 ) ϭ ⌬Ep/Eic ϫ 1/t ϫ 100, where ⌬Ep is the change in enrichment (TTR) of protein-bound leucine between two subsequent biopsies, Eic is the mean enrichment over time of the precursor used for protein synthesis (i.e., the mean muscle free leucine enrichment from the two muscle biopsies), and t is the time interval between biopsies (43, 54).
The homeostasis model assessment of insulin resistance score, a global index of whole body insulin resistance, was calculated by dividing the product of the plasma concentrations of insulin (in IU/ml) and glucose (in mmol/l) by 22.5 (29) .
Statistical analysis. Statistical analyses were performed using SAS software, version 9.1 (SAS Institute, Cary, NC). For normally distributed variables, data are presented as means Ϯ SE, and Student's paired t-test was used to compare results before and after testosterone treatment. For nonnormally distributed variables, data are presented as median and quartiles, and Wilcoxon's signed-rank test was used to compare results before and after testosterone treatment. A P value of Յ0.05 was considered statistically significant.
RESULTS
Body weight and body composition.
Body weight did not change during testosterone treatment (103.2 Ϯ 3.6 and 103.1 Ϯ 3.6 kg before and after treatment, respectively, P ϭ 0.91). Likewise, there were no significant effects of testosterone treatment on intrahepatic TG content [1.7 (0.6, 5.4) and 1.3 (0.7, 3.7)% (median and lower and upper quartiles), before and after treatment, respectively; P ϭ 0.25], abdominal visceral adipose tissue volume (1,261 Ϯ 292 and 1,232 Ϯ 285 cm 3 , respectively; P ϭ 0.54), or abdominal subcutaneous adipose tissue volume (4,923 Ϯ 250 and 4,922 Ϯ 289 cm 3 , respectively; P ϭ 0.99).
Hormone, glucose, and lipid concentrations and kinetics. After 3 wk of treatment, serum total and free testosterone concentrations increased (P Ͻ 0.05) by approximately sevenfold (Table 1) , toward the high end of the range for women with hyperandrogenemia/PCOS (41, 49) , but still below the normal range for eugonadal men (13) . Plasma estradiol, progesterone, insulin and glucose concentrations, and the homeostasis model assessment of insulin resistance score were not affected by testosterone treatment (Table 1) . Likewise, there were no changes in the plasma concentrations of FFA, total and LDL-cholesterol, total TG and apoB-100, and VLDL and LDL particles (Tables 1 and 2) , and the average sizes of VLDL and LDL particles (Table 2 ). There was a small (ϳ10%) but significant decrease in both total HDL particle and cholesterol concentrations (P Ͻ 0.04) after treatment (Tables 1 and 2 ) due to small and statistically not significant decreases in all three (large, medium, and small) HDL particle fractions so that the average size of HDL particles in the circulation was not affected by testosterone treatment (Table 2) .
There were no significant changes in hepatic VLDL-TG and VLDL-apoB-100 secretion rates and VLDL-TG and VLDLapoB-100 concentrations after testosterone treatment (Fig. 1) . The relative contribution of systemic plasma FFA and nonsystemic fatty acid sources to total VLDL-TG production was also not affected by testosterone: systemic plasma FFA contributed 66 Ϯ 5% before and 69 Ϯ 4% after testosterone treatment (P ϭ 0.57). Total FFA Ra in plasma was also not significantly Values are means Ϯ SE or median (quartiles). HOMA-IR, homeostasis model assessment of insulin resistance; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TG, triglyceride; apoB-100, apolipoprotein B-100. different before and after testosterone treatment (436 Ϯ 34 and 456 Ϯ 34 mol/min, respectively; P ϭ 0.65).
Plasma leucine concentration and muscle protein FSR. Testosterone treatment had no effect on plasma leucine concentration (from 115 Ϯ 6 to 115 Ϯ 6 mol/l, P ϭ 0.83) or leucine Ra (from 146 Ϯ 6 to 149 Ϯ 8 mol/min, P ϭ 0.71), but increased the muscle protein FSR by ϳ45% (P Ͻ 0.001, Fig. 2 ).
DISCUSSION
We evaluated the effects of transdermal testosterone administration for 3 wk on plasma FFA and VLDL-TG and VLDLapoB-100 release into plasma, plasma lipid concentrations, and muscle protein synthesis in obese, premenopausal women. Testosterone treatment resulted in plasma testosterone concentrations that were approximately seven times greater than before treatment, but comparable to those in women with hyperandrogenemia due to PCOS (41, 49) , although lower than the normal range for eugonadal men (13) . The approximately sevenfold increase in testosterone availability did not affect plasma FFA availability, hepatic VLDL-TG and VLDL-apoB-100 secretion rates, or plasma lipoprotein particle concentrations and particle sizes, except for a small (ϳ10%) decrease in HDL particle and cholesterol concentrations, but robustly increased the muscle protein FSR. These findings indicate that testosterone is a potent skeletal muscle protein anabolic agent, but not an important regulator of plasma lipid kinetics; hyperandrogenemia is, therefore, most likely not responsible for the greater plasma TG concentration in men (24) and women with hyperandrogenemia/PCOS (49, 56) compared with healthy premenopausal women.
Our findings are consistent with the results from studies conducted by other investigators who demonstrated that testosterone treatment in older and hypogonadal men has no effect on hepatic VLDL-apoB-100 secretion (12) and plasma TG concentrations (1, 12, 44, 55) . Likewise, no changes or only small decreases (ϳ5 mg/dl) in plasma HDL-cholesterol and small increases in LDL-cholesterol concentrations have been observed after testosterone treatment in these studies (1, 12, 17, 44, 55) . On the other hand, our results are at odds with those from studies that administered the synthetic androgen receptor agonist methandrostenolone orally to premenopausal women (18) and studies in which testosterone was given intramuscu- larly in female-to-male transsexuals (7, 30) , which resulted in a marked increase in hepatic TG secretion and plasma TG concentration and a marked (ϳ20%) reduction in plasma HDL-cholesterol concentration. However, these findings are likely confounded by the changes in body weight and body composition and insulin sensitivity that accompany long-term, high-dose androgen therapy (7, 30) , or could potentially be due to unknown side effects of methandrostenolone or due to a hepatic "first-pass" phenomenon, similar to that seen with oral vs. transdermal estrogen preparations (46, 51, 53) . Furthermore, orally administered androgens are known to be hepatotoxic and may promote hepatic steatosis (5), which is known to be associated with dyslipidemia and increased VLDL-TG secretion (8) . The absence of changes in plasma lipid concentrations and kinetics in response to increased plasma testosterone availability within the normal physiological range in obese, premenopausal women (present study) and older and hypogonadal men (1, 12, 44, 55) suggests that testosterone is not a major regulator of plasma lipid kinetics and homeostasis.
Our study has several limitations. First, we studied our women before and after only 3 wk of testosterone treatment to avoid potential adverse side effects (e.g., masculinization). It is possible that more prolonged treatment would have led to different results. However, these would be difficult to interpret, because long-term testosterone replacement therapy is accompanied by changes in body composition, body fat distribution, and insulin sensitivity (2), which can independently affect lipid metabolism and kinetics (3, 34, 35) . Furthermore, we did not include a control group receiving placebo in our study. However, it is unlikely that this affected the conclusions from our study, because our laboratory has recently demonstrated that VLDL-TG and VLDL-apoB-100 metabolism and concentrations in no-intervention control subjects do not change significantly over a 1-to 3-mo time period (22, 27) .
It is also unlikely that we failed to observe a significant effect of testosterone treatment in our study due to a statistical type 2 error. Based on the reproducibility of VLDL-TG and VLDL-apoB-100 kinetic and concentration measurements in our laboratory (22, 27) , our study was adequately powered (80%) to detect significant changes in VLDL-apoB-100 and VLDL-TG secretion rates in the order of 15-20%, if they existed. Moreover, the robust increase in muscle protein synthesis we observed in this study strongly suggests that failure to observe significant testosterone-induced alterations in plasma lipid homeostasis is not an artifact related to our experimental design. In fact, it indicates that women are very sensitive to the effects of testosterone. Testosterone-induced increases in muscle protein FSR have previously been described in healthy or hypogondal young and old men or hypogonadal men with myotonic dystrophy (11, 14, 15, 48) during the active muscle growth phase, which occurs during the first 6 mo of treatment; continued testosterone therapy helps maintain the newly gained muscle mass, but does not result in a further increase in muscle mass (45, 52, 57) . Accordingly, studies that measured the muscle protein FSR after 6 or 12 mo of testosterone therapy found that it was not different compared with baseline in healthy or hypogonadal older men, but the absolute rate of muscle protein synthesis (FSR ϫ muscle protein pool size) was greater due to the greater muscle mass (9, 10, 16) . However, the doses used in these studies were much greater (ϳ100 -300 mg/wk intramuscularly or 5 mg/day transdermally) than the dose given to our women.
In summary, we found that testosterone administration for 3 wk in obese but otherwise healthy premenopausal women increased the skeletal muscle protein synthesis rate, but did not affect plasma lipid kinetics and concentrations. It is, therefore, unlikely that sexual dimorphism in the plasma lipid profile (23, 25, 33, 53) and the alterations in plasma TG concentration associated with hyperandrogenemia (49, 56) are mediated by testosterone.
